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of which have been found to cause a reorganization of the cyanobacterial photosynthetic apparatus; so far, all DCM U-type inhibitors tested showed the same result except for lenacil and bromacil. There are, however, different concentrations which are op timal for the induction of shade type in Anacystis according to differences in the permeability of the cell envelope for certain inhibitors and according to different binding constants of the inhibitors to the thylakoid membrane (Table I ). The result of the reorganization of the cyanobacterial photosynthetic apparatus upon 50 per cent inhibition of non-cyclic electron transport by binding of D CM U-type in hibitors to the D -l protein is characterized by a very high ratio of phycocyanin to chlorophyll and a re duced ratio of carotenoids to chlorophyll com pared to the situation in cells which were grown in the ab sence of any inhibitor. In this respect, there is no difference between shade type cells which are in duced in high light intensity by DCM U-type herbi cides and those naturally adapted to low light condi tions, except that many times the ratio of phycocy anin to chlorophyll in artificially shade adapted cells is even higher than in those grown in shade. M oreover, the ratio of chlorophyll to P700 in cells grown in the presence of 1 0 -6 m atrazine in strong light was found to be 110 compared to a ratio of 205 in control cultures without inhibitor. These data are in good agreement with those obtained by Öquist [2] for Anacystis grown in high and low light intensity, respectively. Also, concerning photosystem I activity the behaviour of artificially shade adapted cells par allels that of cells grown in shade [3] .
With the aim, to localize the sensor for the adapta tion of the cyanobacterial photosynthetic apparatus to light intensity, and with the idea that this sensor might be shared by the naturally occurring shade adaptation and by the one induced by p.e. sublethal concentrations of atrazine in strong white light, a wide variety of inhibitors of photosynthetic inhibitors was tested with respect to the capability to artificially in duce shade adaptation in strong light. In contrast to D CM U-type inhibitors, neither the so-called pheno lic inhibitors nor those thought to bind to the cyto chrom e b j f complex were ever observed to cause the induction of shade type in Anacystis in strong light; lethal concentrations were found for many of them, though. Occasionally, cells turned pale blueish green before finally dying in the presence of 10-3 m iodonitrothym ol, a concentration which is ten times high er than the one found to completely block photo synthetic electron transport, 10~6 m which is lethal (Fig. 2) . This phenomenon might be due to non specific binding of iodonitrothymol to the binding site of the DCMU-type inhibitors [16, 17] . Phenolic inhibitors tested besides iodonitrothymol were brom onitrothym ol, dinitro 
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unable to evoke shade adaptation in strong light under the experimental conditions but, in addition, was found to inhibit shade adaptation in weak light.
From the fact, that only DCM U-type inhibitors induced shade type appearance in Anacystis, it was tentatively concluded that the protein they are known to bind to, the so-called herbicide binding protein, a polypeptide with a molecular weight of 32 kD a also called D -l protein or, due to its appa rent participation in the reversible binding of the sec ondary plastoquinone molecule Q B [5, 7] , Q B binding protein, might be involved in -directly or indirectly -giving the signal for the reorganization of the photosynthetic apparatus. This protein is famous for its fast light-dependent turnover in higher plants and green algae [4, 5] , its proteolytic degradation being slowed down by binding of DCM U-type inhibitors in strong light on one hand and by low light intensities on the other hand. The protein has been shown to be stable in darkness [5, 7] , Consequently, Anacystis mutants with reduced binding capacities for certain DCM U-type inhibitors [11, 18] due to conformational changes of the D -l protein were tested for comparison reasons concern ing their behaviour towards changes in light intensity and towards herbicide binding. These mutants had been obtained via exchange of the herbicide suscepti ble psb A gene (copy I, ref. [11] ) versus the resistant one. In the m utant called D5 (Fig. 3 ) the two amino acids phe255 and ser264 of the wild-type had been re placed by tyrosine and alanine respectively [11, 18] . It is not known yet w hether in this m utant in addition to the affinity for certain DCM U-type inhibitors also the affinity for the secondary plastoquinone Q B is reduced compared to the wild-type, in other words whether, for the latter reason, there might be an im pairment in photosynthetic electron transport.
M utant D 5 was observed to show shade type ap pearance in strong white light in the absence of any inhibitor (Fig. 3) , suggesting, that due to the confor mational change of the 32 kD a polypeptide, the speed of its degradation might be reduced, what in turn could be the signal for the adaptive reorganiza tion of the photosynthetic apparatus to shade type in which a slow turnover is natural. Of course, one could also imagine an im pairment in the reversible binding of Q B resulting in a slow-down of non-cyclic electron transport and thus, finally, in an imbalance of the ratio of ATP to N A D PH , to be the signal for the induction of shade type in strong light [19] ; but in this case, any partial block of photosynthetic electron transport should evoke shade adaptation. Up to now, this could not be dem onstrated.
Besides showing shade type character in strong light, mutant D 5 responded very little to changes in light intensity and showed a reduced capacity to further change its appearance to shade type by bind ing of competitors of Q B [5, 7] to the 32 kDa poly peptide (Fig. 3) . Obviously, A nacystis upon m uta tion to herbicide resistance, upon herbicide binding in strong light as well as upon transfer from high to low light intensity uses the same tool for adapta tion, the antenna pigment system; the questions now are, w hether this tool is being used in re sponse to the same signal and what the nature of the signal may be. It appears, that the 32 kDa polypep- tide might play a role in this context as is also sug gested by M attoo and Edelm an [4] , To further substantiate its role, the effects of light intensity and tem perature on the inhibitor-induced shade adaptation were investigated. As can be seen in Table II , the m olar ratio of phycocyanin to chlorophyll in Anacystis, growing in the presence of 1 0 -6 m atrazine, increases with tem perature for given light intensity and with light intensity for a given tem perature. This light-dependent increase may be interpreted as a consequence of an enhanced synthe sis of the 32 kD a polypeptide together with a degra dation which is impaired by inhibitor-binding. At first sight, these results have nothing to do anymore with shade adaptation. The connecting link could be a similarity in the behaviour of the D -l protein in both cases. Up to now, it has not been possible to prevent or relieve the herbicide-induced shade adaptation in strong light by simply feeding thiosulphate as a donor to photosystem I in Anacystis, thiosulphate utiliza tion being independent of DCM U but inhibited by DBMIB [20] or by adding glucose as a carbon source to cultures of Aphanocapsa.
Obviously, the induction of shade type by a m uta tion to herbicide resistance on one hand and by bind ing of sublethal concentrations of DCM U-type in hibitors on the other hand is not restricted to cy anobacteria. Also triazine-resistant higher plants were dem onstrated to have shade type character in strong light as shown by a low chlorophyll alb ratio and a high degree of stacking [21] . M oreover, the term "greening effect" describes a phenom enon in higher plants upon treatm ent of the respective plants with sublethal concentrations of certain inhibitors of photosystem II [9, 10] . It appears, that this phenomenon might be caused by two factors, one of them the induction of shade type, the other one pos sibly an enhancem ent in cell division, as can be tenta tively inferred from the data for cyanobacteria. O b viously (Fig. 4) , 10~7 m atrazine, a concentration which is ten times lower than the one which leads to artificial shade adaptation (10~6 m ) in Anacystis, caused an optimum in 0 2 evolution per ml culture, a result the reason for which is a higher cell density in these cultures than in those with m ore as well as in the cultures with less inhibitor. It is tem pting to suggest that the "greening effect" observed in higher plants upon treatm ent with sublethal inhibitor concentra tions might be the consequence of the combination of these two factors.
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